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Abstract 
We study the impact of material quality on the performance of large area industrial thermal oxide passivated solar 
cells on cast mono silicon (Si). Cell parameters for cast mono Si materials from three different suppliers and for a 
boron doped Czochralski (Cz) grown reference Si material are presented. The dislocation density of the cast mono Si 
material strongly affects open circuit voltage and short circuit current density and thus also cell efficiency. Maximum 
efficiencies up to 19.8 % (243 cm2, as processed) are reached for the wafers with the lowest dislocation density, 
exceeding the 19.7 % conversion efficiency of the Cz-Si reference. Compared to the Cz-Si reference, that shows a 
0.5 %abs efficiency loss after 24 hours of illumination at 600 W/cm2, the cast mono Si shows only 0.3 %abs 
efficiency loss, although the cast mono wafers feature higher doping compared to the Cz-Si reference wafers. The 
reduced light induced degradation is presumably due to inherently lower oxygen content of the cast Si material, 
making this material particularly suited for PERC type cells. 
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1. Introduction 
Conventional boron doped Czochralski (Cz) grown silicon (Si) passivated emitter and rear cells 
(PERC) suffer from light induced degradation (LID) due to boron-oxygen complex recombination, which 
reduces conversion efficiency  depending on oxygen concentration and base resistivity [1, 2]. PERC-type 
cells require lower resistivity wafers than conventional Al-BSF cells and thus are particularly affected by 
LID. Possible ways to reduce or eliminate LID are the use of Ga-doped or magnetically casted boron-
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doped Cz-Si. However, recently also cast mono Si material was investigated in detail [3, 4, 5]. Due to its
multi crystalline like manufacturing process combined with monocrystalline seeds, cast mono material
features an inherently low oxygen concentration and at the same time large monocrystalline areas. Thus, it
is especially suited for PERC concepts and also allows for high conversion efficiencies [6, 7]. In this
work, we evaluate the performance of PERC-type solar cells manufactured from cast mono Si from three
different suppliers using conventional Cz-Si as reference material. We show that the area fraction of 
dislocations in cast mono Si is a key parameter that directly affects conversion efficiency and which can
sufficiently be monitored by photoluminescence. Furthermore we demonstrate that thermal oxidation
allows for sufficient surface passivation on cast mono Si and is not detrimental to the bulk carrier lifetime.
2. Experimental approach
The fabricated solar cells feature the thermal oxide passivated all sides (TOPAS) cell structure [8].
Figure 1 shows a schematic of the TOPAS cell structure. All fabrication steps are performed in the
industrial type Fraunhofer ISE pilot line PV-TEC [9]. Conventional 156 mm-sized boron doped Cz-Si 
wafers as well as 156 mm-sized boron doped cast mono Si wafers from three different suppliers serve as
starting material. The wafer resistivity and thicknesses vary for the different materials and are listed in
Table 1. All cast mono wafers originate from center positions of the brick and feature total or large
monocrystalline area. An alkaline texturing process is applied to all materials, followed by a single side
wet chemical polishing process. Laser-doping from phosphosilicate glass forms a selective emitter. The
passivation scheme is based on a thin thermally grown oxide on front and rear surface capped with a
PECVD layer or stack. The cells are fully screen printed and feature solder pads to enable module
interconnection. Laser fired contacts (LFC) [10] serve as local rear contacts. According to the base
resistivity the applied point contact spacing varies between 400 and 500 μm as listed in Table 1.
Fig. 1. Schematic of the TOPAS cell structure.
Table 1. Base resistivity, cell thickness and contact spacing of the TOPAS solar cells processed from different silicon materials.
substrate base resistivity
( )
solar cell thickness
(μm)
contact spacing
(μm)
2.3 2.8 155 165 400
Cast Mono Si A 2.7 4.2 155 160 450
Cast Mono Si B 1.4 1.7 130 140 500
Cast Mono Si C ~1.2 160 180 500
thermal oxide
screen printed Ag-contact
emitter
PECVD-SiNX
PECVD-cappingLFC Al-metallization
highly doped emitter
thermal oxide
p-type Si
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3. Results 
3.1. Current-voltage-parameters 
Table 2 shows open circuit voltage Voc, short current density Jsc, fill factor FF and conversion 
efficiency  extracted of current voltage (IV) measurements of the fabricated solar cells. The maximum 
efficiency of 19.8 % (243 cm2, as processed, confirmed by Fraunhofer ISE CalLab PVCells) achieved on 
cast mono Si material B even exceeds the maximum efficiency of 19.7 % (239 cm2, as processed, 
confirmed by Fraunhofer ISE CalLab PVCells) achieved on conventional boron doped Cz Si material. 
Due to its larger cell area the power generated by the cast mono Si solar cell is noticeably higher than the 
power generated by the Cz solar cell.  
The high open circuit voltages of 647 mV for cast mono Si material A and 654 mV for cast mono Si 
material B demonstrate a sufficient surface passivation and indicate that there is no detrimental impact on 
bulk carrier lifetime by thermal oxidation. The low fill factor median of 75.3 % for cast mono Si material 
B is due to an increased front grid resistance and does not result from a spreading in material quality. 
However, the conversion efficiencies of the three different cast mono materials vary over a wide range. 
Since all cells are processed in parallel, the differences are attributed to the used Si material quality. 
Table 2. IV-parameters of the TOPAS solar cells on different substrates measured with an industrial cell tester after processing. The 
cells are fully screen printed including solder pads. The cell area is ~ 239 cm² for Cz Si and ~ 243 cm² for cast mono Si. 
substrate  Voc  
(mV) 
Jsc  
(mA/cm2) 
FF  
(%) 
  
(%) 
Cz Si 
2.3  2.8  
Best cell 
median (9) 
649 
649 
39.1 
39.0 
77.5 
76.8 
19.7* 
19.4 
Cast Mono Si A 
2.7 -4.2  
Best cell 
median (9) 
647 
644 
38.7 
38.6 
77.2 
76.7 
19.3* 
19.1 
Cast Mono Si B 
1.4  1.7  
Best cell 
median (9) 
654 
653 
39.0 
39.0 
77.6 
75.3  
19.8* 
19.2 
Cast Mono Si C 
~1.2  
Best cell 
median (7) 
624 
623 
37.1 
37.0 
75.9 
73.7  
17.6 
17.1 
*confirmed by Fraunhofer ISE CalLab PV Cells 
increased front grid resistance 
3.2. Material and solar cell characterization 
Figure 2a) presents white light scan images of the different cast mono Si wafers in the as cut state. Cast 
mono material A is mainly mono crystalline and only small parts of the wafer show multi crystalline 
areas. Cast mono material B is fully mono crystalline and cast mono material C shows the highest multi 
crystalline area fraction. Figure 2b) shows photoluminescence (PL) images of the different cast mono Si 
wafers in the as cut state. The PL images reveal strong differences between the different materials 
concerning the presence of dislocations, which are not visible for the naked eye. Material A shows a 
cross-like pattern of dislocations originating from crystallization where the monocrystalline seed wafers 
meet. Such patterns tend to increase over brick height and thus need to be avoided during crystallization. 
The supplier of material B claimed to have solved the issue with dislocations which is confirmed by the 
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PL images showing only few dislocations, which are located at the edges of the wafer. In contrast 
material C is almost fully covered with dislocations. These dislocations are still visible in the PL images 
of the final solar cells  as shown in figure 2c). The area fraction of dislocations is in good correlation 
with the open circuit voltage and over all solar cell performance: The fewer dislocations the higher the 
open circuit voltage and the conversion efficiency (see table 2). Thus, the area fraction of dislocation is 
one of the key quality parameters of cast mono silicon solar cells directly impacting conversion 
efficiency. Therefore PL rating methods [11, 12] that quantify dislocations and allow a reliable rating of 
cast mono Si wafers are very helpful for material quality incoming inspection in general and especially 
for passivated emitter and rear cells on cast mono Si. 
 
Cast mono Si A Cast mono Si B Cast mono Si C  
   
 
Fig. 2. (a) White light scan images of the three different cast mono Si materials in the as cut state.  
    
Fig. 2. (b) PL images in the as cut state of the three different cast mono Si materials. 
    
Fig. 2. (c) PL images of the final PERC-type solar cells produced on the three different cast mono Si materials. 
 Christoph Schwab et al. /  Energy Procedia  38 ( 2013 )  611 – 617 615
Figure 3 shows the internal quantum efficiency (IQE) in the long wavelength area of the TOPAS solar 
cells on different substrates. The IQE curves of the Cz Si reference group and cast mono material B are 
nearly identical. Cast mono A shows a slightly lower IQE curve, whereas the IQE of cast mono C is 
clearly reduced for wavelengths between 750 and 1150 μm. Table 3 lists the extracted effective diffusion 
length Leff [13] for the different materials. The material quality of the different cast mono materials clearly 
influences the effective diffusion length: The fewer dislocations, the higher the effective diffusion length. 
Thus, the effective diffusion length also correlates with the open circuit voltage, short circuit current 
density and conversion efficiency (see table 2). The high values for Leff measured on cast mono Si A and 
B indicate that there is no detrimental impact of the thermal oxidation process on the bulk carrier lifetime. 
 
 
Fig. 3. Global internal quantum efficiency measured after cell processing. 
Table 3. Effective diffusion length Leff extracted from the IQE measurements presented in figure 3 for the different Si materials. 
substrate Leff (μm)
Cz Si 3200 
Cast Mono Si A 1200 
Cast Mono Si B 2600 
Cast Mono Si C 280 
3.3. Light induced degradation 
Table 4 shows the IV-parameters measured by Fraunhofer ISE CalLab PVCells after cell processing 
and after light induced degradation (LID) by illumination for 24 hours at 600 W/cm2. The Cz Si solar cell 
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shows a strong decrease in efficiency of 0.5%abs that we attribute to increased recombination at boron-
oxygen complexes activated by illumination. The impact of LID for the cast mono Si materials is less 
distinctive. The efficiency decreases by 0.3%abs for cast mono Si material A and B (material C is not 
investigated since its conversion efficiency level is not competitive to the other materials). Cast mono 
material B even features higher doping (1.7 )  equivalent to higher boron content  compared to the 
Cz-Si reference wafer (2.6 ). We attribute the weaker LID to an inherently reduced oxygen content 
of the cast mono Si wafers. 
Table 4. Open circuit voltage Voc, short current density Jsc, fill factor FF, solar cell efficiency  measured by Fraunhofer ISE CalLab 
PV Cells after processing and after light induced degradation (LID) for 24 hours at 600 W/cm2. The efficiency loss due to LID is 
illustrated by The cells are fully screen printed and include solder pads for module interconnection. The cell area is ~ 239 cm² 
for Cz Si and ~ 243 cm² for cast mono Si. 
Substrate State Voc  
(mV) 
Jsc  
(mA/cm2) 
FF  
(%) 
  
(%) 
  
(%) 
Cz Si 
2.6  
before LID 
after LID 
649 
646 
39.1 
38.9 
77.5 
76.4 
19.7 
19.2 
 
-0.5 
Cast Mono Si A 
2.7  
before LID 
after LID 
647 
644 
38.7 
38.5 
77.2 
76.6 
19.3 
19.0 
 
-0.3 
Cast Mono Si B 
1.7  
before LID 
after LID 
654 
652 
39.0 
38.9 
77.6 
76.9 
19.8 
19.5 
 
-0.3 
 
4. Summary 
In this work thermal oxide passivated solar cells fabricated on different boron doped cast mono silicon 
materials and boron doped Czochralski grown silicon reference material are investigated. High quality 
cast mono silicon enables conversion efficiencies up to 19.8 % and open circuit voltages of 654 mV 
which demonstrates the suitability of a thermal oxide passivation for cast mono silicon. Furthermore these 
results demonstrate that there is no detrimental impact of the thermal oxidation process on bulk carrier 
lifetime. We also show that the suitability of cast mono silicon for passivated emitter and rear cells 
strongly depends on the material quality, especially on the area fraction of dislocations, which can be 
evaluated by photo luminescence imaging. Due to its manufacturing process, cast mono material features 
an inherently low oxygen concentration and thus suffers much less from light induced degradation than 
the Czochralski grown reference material: After illumination at 600 W/cm2 for 24 hours, we observe an 
efficiency loss of only 0.3 % for cast mono silicon with a base resistivity of 1.7  instead of 0.5 % for 
Czochralski grown silicon with a base resistivity of 2.6 . An additional benefit of cast mono material 
is its full square format which enables a higher solar cell power compared to a Czochralski grown pseudo 
square solar cell with the same conversion efficiency. 
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